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(57) ABSTRACT

A method for controlling a system includes receiving tem-
perature and humidity measurements of supply air to a ser-
viced space, return air from the serviced space, and outside
air, wherein the outside air includes air outside the serviced
space, calculating a volumetric flow rate of the outside air
entering the system using the received temperature and
humidity measurements of the supply air, the return air, and
the outside air, calculating an air change per hour (ACH) rate
in the serviced space using the calculated volumetric flow rate
of the air outside the serviced space entering the system and
the volume of the serviced space, and controlling the ACH
rate in the serviced space.

20 Claims, 3 Drawing Sheets
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RECEIVE TEMPERATURE AND HUMIDITY
MEASUREMENT OF THE SUPPLY AIR, RETURN
AIR, AND OUTSIDE AIR FROM SENSORS

202

Y

CALCULATE THE DENSITY OF THE
SUPPLY AIR, RETURN AIR, AND
OUTSIDE AIR

204

\

CALCULATE ABSOLUTE HUMIDITY OF
THE SUPPLY AIR, RETURN AIR,
AND OUTSIDE AIR

206

\

RECEIVE VOLUMETRIC FLOW RATE OF SUPPLY
AIR AND RETURN AIR AND CALCULATE
VOLUMETRIC FLOW RATE OF QUTSIDE AIR

208

\

CALCULATE ACH USING VOLUMETRIC FLOW
RATE OF OUTSIDE AIR AND CONDITIONED
VOLUME OF SERVICED SPACE

210

FIG.2
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RECEIVE
> CALCULATED ACH

302

v

DETERMINE DIFFERENCE BETWEEN
CALCULATED ACH AND DESIRED ACH

304

y

ADJUST CFMo TO REDUCE DIFFERENCE
BETWEEN CALCULATED ACH AND
DESIRED ACH

306

FIG. 3
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1
AIR CHANGE RATE MEASUREMENT AND
CONTROL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. provisional appli-
cation 61/513,136 filed Jul. 29, 2011, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

When designing and operating a new residential home, the
designers of the home and its heating, ventilating, and air
conditioning (HVAC) systems seek to maintain a minimum
air change per hour (ACH) rate of at least 0.35 ACH to
maintain a healthy environment for occupants.

The ACH rate may be influenced by the ventilation airflow
rate of outside air that is introduced into the space by the
HVAC system by, for example, outside air intakes. The infil-
tration rate is another variable that influences the ACH rate.
The infiltration rate is the volumetric flow rate of outside air
into a building such as for example, a residential or commer-
cial structure through windows, doors, passive ventilation,
and other openings in the space. The infiltration rate may be
added to the ventilation airflow rate to approximate the ACH
of a space. The ventilation airflow rate should be balanced
with the infiltration rate to maintain a minimum desired ACH
while avoiding reducing the efficiency of the system by intro-
ducing unnecessary amounts of outside air. For example, an
increased ventilation rate of about 0.10 ACH can increase
annual heating energy consumption and cost by about 10%.

Previous methods for calculating the infiltration rate of a
space or structure include performing a blower door test that
may be performed by a technician using specialized equip-
ment.

BRIEF DESCRIPTION OF THE INVENTION

According to one aspect of the invention, a method for
controlling a system includes receiving temperature and
humidity measurements of supply air to a serviced space,
return air from the serviced space, and outside air, wherein the
outside air includes air outside the serviced space, calculating
a volumetric flow rate of the outside air entering the system
using the received temperature and humidity measurements
of'the supply air, the return air, and the outside air, calculating
an air change per hour (ACH) rate in the serviced space using
the calculated volumetric flow rate of the air outside the
serviced space entering the system and the volume of the
serviced space, and controlling the ACH rate in the serviced
space.

According to another aspect of the invention a system
includes a first sensor arrangement operative to measure a
temperature and humidity of outside air, the outside air
including air outside a serviced space, a second sensor
arrangement operative to measure a temperature and humid-
ity of return air flowing from the serviced space, a third sensor
arrangement operative to measure a temperature and humid-
ity of supply air flowing into the serviced space, and a con-
troller communicatively connected to the first sensor, the
second sensor, and the third sensor, the controller operative to
receive temperature and humidity measurements from the
sensors, calculate a volumetric flow rate of the outside air
entering the system using the received temperature and
humidity measurements of the supply air, the return air, the
outside air, and a flow rate of the supply air to the serviced
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space, calculate an air change per hour (ACH) rate in the
serviced space using the calculated volumetric flow rate of the
air outside the serviced space entering the system and the
volume of the serviced space, control the ACH rate in the
serviced space.

According to yet another aspect of the invention, a method
for calculating an air change per hour (ACH) rate in a system
includes receiving temperature and humidity measurements
of supply air to a serviced space, return air from the serviced
space, outside air, wherein the outside air includes air outside
the serviced space, and a flow rate of the supply air to the
serviced space, calculating a volumetric flow rate of the out-
side air entering the system using the received temperature
and humidity measurements of the supply air, the return air,
the outside air, and the flow rate of the supply air to the
serviced space, calculating an ACH rate in the serviced space
using the calculated volumetric flow rate of the air outside the
serviced space entering the system and the volume of the
serviced space, and outputting the calculated ACH rate.

These and other advantages and features will become more
apparent from the following description taken in conjunction
with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter which is regarded as the invention is
particularly pointed out and distinctly claimed in the claims at
the conclusion of the specification. The foregoing and other
features, and advantages of the invention are apparent from
the following detailed description taken in conjunction with
the accompanying drawings in which:

FIG. 1 illustrates an exemplary embodiment of a system.

FIG. 2 illustrates a block diagram of an exemplary method
that may be performed by the system of FIG. 1.

FIG. 3 illustrates a block diagram of another exemplary
method that may be performed by the system of FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

Previous methods for calculating the air change rate per
hour (ACH) of a structure or space included performing a
blower door test to calculate the air infiltration rate of the
space and calculating the ventilation rate of the HVAC system
servicing the space. The sum of the air infiltration rate and the
ventilation rate equal the ACH. The blower door test is per-
formed by a technician using specialized equipment and may
be costly to the consumer. Another disadvantage of using a
blower door test to calculate the infiltration rate is that the
blower door test does not allow for the HVAC system to
dynamically determine the infiltration rate as conditions in
the serviced space change (e.g., an open window or door), and
thus, cannot dynamically adjust the ventilation rate to accom-
modate changes in the infiltration rate. If the ventilation rate
is too low, the minimum ACH may not be met, conversely if
the ventilation rate is too high, the HVAC system may waste
energy by introducing unnecessary outside air into the sys-
tem.

FIG. 1 illustrates an exemplary embodiment of a system
100 that includes a serviced space 102 and an HVAC system
104. The HVAC system 104 includes a ventilation intake 106
that is communicative with the outside ambient air and an air
handler portion 108. A return air portion 110 is communica-
tive with the air in the serviced space 102 and the air handler
portion 108. The air handler portion 108 may include, for
example, a blower or fan, heating and/or cooling coils, and
related components such as condensate drain pans and air
filters. The air handler portion 108 is communicative with a
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supply air portion 114 that is communicative with the ser-
viced space 102. Though the illustrated embodiment includes
a ventilation intake 106, alternate embodiments may not
include this feature, and thus receive intake air via the air
return portion 110. The heat exchanger portion 112 may
include any appropriate heating or air conditioning elements
such as, for example, evaporator coils and humidifier outlets.
The ventilation intake 106 defines a flow path for outside air
illustrated by the arrow 101. The return air portion defines a
flow path for air drawn from the serviced space 102 illustrated
by the arrow 103. The arrows 105 illustrate the flow path of air
through the spaces defined by the air handler portion 108, the
heat exchanger portion 112, and a supply air plenum 116 that
is communicative with the heat exchanger portion and the
supply air portion 114. The supply air portion 114 defines a
flow path of the supply air to the serviced space 102 illustrated
by the arrow 107. The arrow 109 illustrates the flow of exfil-
tration and exhaust air, and the arrow 111 illustrates the flow
of infiltration air into the serviced space 102. The HVAC
system 104 may include a ventilation damper 113 that is
operative to restrict the flow of outside air through the venti-
lation intake 106. The ventilation damper 113 of the illus-
trated embodiment is adjustable and may be controlled by the
controller 116 to control or meter the volumetric air flow of
outside air into the air handler portion 108.

The HVAC system 104 includes a controller 116 that
includes a processor and memory. The controller 116 is
operative to control the operation HVAC system including the
air handler portion 108. The controller 116 may be commu-
nicatively connected to the ventilation damper 113 and is
operative to control the position of the ventilation damper
113. The controller 116 is communicatively connected to
sensors 118 that may include, for example, temperature and
humidity sensors. The controller 116 may also determine
flow rates of the return air, supply air, and ventilation or
outside air by, for example, sensors providing feedback or
open loop control methods. The sensors 118 may be arranged
to sense temperature and humidity in the ventilation portion
106, or for systems that do not include a ventilation portion
106, an outdoor sensor may be used to sense outdoor ambient
air temperature and humidity. A sensor 108 is arranged to
sense temperature and humidity in the air handler portion
108, while a sensor 118 is arranged to sense temperature and
humidity in the supply air plenum 116.

The methods described below allow the HVAC system 104
to track moisture flow through the HVAC system 104. The
tracking of the moisture flow allows changes in moisture
levels due to humidification or dehumidification and the
HVAC system 104 supply air flow rate to calculate the amount
of outside air entering the serviced space 102. The outside air
entering the service space 102 may include ventilation air via
the ventilation intake 106 and/or infiltration air due to enve-
lope leakage. Once the outside air flow rate is calculated, the
ACH may be calculated using the known conditioned volume
of the serviced space 102. The conditioned volume of the
serviced space 102 is typically determined by a technician
when the HVAC system 104 is installed, and may be, for
example, input by a technician and stored in the memory of
the controller 116. Alternatively, in some exemplary embodi-
ments, the airflow delivered by the air handler portion 108
may be actively measured by the controller 116 such that the
conditioned volume of the serviced space 102 may be calcu-
lated.

In this regard, FIG. 2 illustrates a block diagram of an
exemplary method that may be performed by the HVAC sys-
tem 104 using logic processed in the controller 116 (of FIG.
1). The exemplary method allows the HVAC system 104 to
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calculate the ACH of the serviced space 102. Referring to
FIG. 2, in block 202, the controller 116 receives temperature
and humidity measurements of the supply air, the return air,
and the outside air from the sensors 108. In block 204, the
controller 116 calculates the density of the supply air (d,), the
return air (d,), and the outside air (d,) using the sensed tem-
perature and humidity measurements. In block 206, the con-
troller 116 calculates the absolute humidity of the supply air
(W), the return air (W,), and the outside air (W) in using the
sensed temperature and humidity measurements. The densi-
ties and absolute humidities may be determined by, for
example, using the ideal gas law equation or using a psychro-
metric look up chart that may be stored in the controller 116.
The controller 116 calculates the volumetric flow rate of the
outside air (CFM,) using the mass balance equation:

(CFM,*d *W)+(CFM,*d,*W,)=CFM,*d,*W,

Where CFM; is the volumetric flow rate of the supply air
and CFM,, is the volumetric flow rate of the return air. Assum-
ing CFM;, is approximately or substantially equal to CFM,,
solving for CFM,, results in the equation:

CFM,=CFM*(d,*W,~d,*W)/(d,*W,)

In block 210 the ACH of the serviced space 102 is calcu-
lated using the equation:

ACH=CFM _*60/Conditioned volume

Where the conditioned volume is the volume of the ser-
viced space 102.

Once the ACH is calculated, the controller 116 may control
the ACH by, for example, controlling the position of the
damper 113 to increase or decrease the CFM,,. Control logic
that adjusts the CFM_ may be used to achieve a desired ACH
in the serviced space 102. For example, where ACH=
(CFM_*60/Conditioned volume)+(volumetric flow rate of
infiltration air*60/Conditioned volume) the controller 116
may increase or decrease the CFM,, to achieve a desired ACH.
Though the calculations described above may not account for
internal moisture generation, the measurements and calcula-
tions may be performed at a time, such as, for example, night
time when internal sources of moisture are usually mini-
mized.

FIG. 3 illustrates a block diagram of an exemplary method
for controlling ACH by the system 104 (of FIG. 1). The
method may be performed by the controller 116. In block 302
the calculated ACH is received. The ACH may be calculated
using the method described in FIG. 2. The difference between
the calculated ACH and the desired ACH is determined in
block 304. In block 306, the CFM,, is adjusted to reduce the
difference between the calculated ACH and the desired ACH.
The CFM, may be adjusted by, for example, controlling the
position of the damper 113 of the system 104.

While the invention has been described in detail in connec-
tion with only a limited number of embodiments, it should be
readily understood that the invention is not limited to such
disclosed embodiments. Rather, the invention can be modi-
fied to incorporate any number of variations, alterations, sub-
stitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and
scope of the invention. Additionally, while various embodi-
ments of the invention have been described, it is to be under-
stood that aspects of the invention may include only some of
the described embodiments. Accordingly, the invention is not
to be seen as limited by the foregoing description, but is only
limited by the scope of the appended claims.



US 9,091,454 B2

5

What is claimed is:

1. A method for controlling a system, the method compris-
ing:

receiving temperature and humidity measurements of sup-

ply air to a serviced space, return air from the serviced
space, and outside air, wherein the outside air includes
air outside the serviced space, and a flow rate of the
supply air to the serviced space;

calculating a volumetric flow rate of the outside air enter-

ing the system using the received temperature and
humidity measurements of the supply air, the return air,
the outside air, and the flow rate of the supply air to the
serviced space;

calculating an air change per hour (ACH) rate in the ser-

viced space using the calculated volumetric flow rate of
the air outside the serviced space entering the system
and the volume of the serviced space; and

controlling the ACH rate in the serviced space.

2. A method for controlling a system, the method compris-
ing:

receiving temperature and humidity measurements of sup-

ply air to a serviced space, return air from the serviced
space, and outside air, wherein the outside air includes
air outside the serviced space, and a flow rate of the
supply air to the serviced space;

calculating a volumetric flow rate of the outside air enter-

ing the system using the received temperature and
humidity measurements of the supply air, the return air,
the outside air, and the flow rate of the supply air to the
serviced space;

calculating an air change per hour (ACH) rate in the ser-

viced space using the calculated volumetric flow rate of
the air outside the serviced space entering the system
and the volume of the serviced space; and

controlling the ACH rate in the serviced space;

wherein the calculating the volumetric flow rate of the

outside air entering the system (CFM,) using the
received temperature and humidity measurements of the
supply air, the return air, the outside air, and the flow rate
of the supply air to the serviced space comprises:
calculating a density of the supply air (d,), a density of the
return air (d,), and a density of the outside air (d,); and
calculating an absolute humidity of the supply air (W),
absolute humidity of the return air (W,), and absolute
humidity of the outside air (W,);

calculating a volumetric flow rate of the supply air (CFM,);

and

calculating the CFM,, wherein CFM_=CFM_*(d,*W -

d*WIHd,*W,).

3. The method of claim 2, wherein the CFM; is approxi-
mately equal to a volumetric flow rate of the return air
(CFM,).

4. A method for controlling a system, the method compris-
ing:

receiving temperature and humidity measurements of sup-

ply air to a serviced space, return air from the serviced
space, and outside air, wherein the outside air includes
air outside the serviced space, and a flow rate of the
supply air to the serviced space;

calculating a volumetric flow rate of the outside air enter-

ing the system using the received temperature and
humidity measurements of the supply air, the return air,
the outside air, and the flow rate of the supply air to the
serviced space;

calculating an air change per hour (ACH) rate in the ser-

viced space using the calculated volumetric flow rate of
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6

the air outside the serviced space entering the system
and the volume of the serviced space; and

controlling the ACH rate in the serviced space;

wherein the calculating the ACH rate in the serviced space
comprises calculating a product of the CFM_ and 60 and
dividing the product by a volume of the serviced space.

5. The method of claim 1, wherein the controlling the ACH
rate in the serviced space comprises controlling the volumet-
ric flow rate of the outside air entering the system.

6. The method of claim 1, wherein the volumetric flow rate
of the outside air entering the system is controlled by an
adjustable damper.

7. A system comprising:

a first sensor arrangement to measure a temperature and
humidity of outside air, the outside air including air
outside a serviced space;

a second sensor arrangement to measure a temperature and
humidity of return air flowing from the serviced space;

a third sensor arrangement to measure a temperature and
humidity of supply air flowing into the serviced space;
and

a controller communicatively connected to the first sensor,
the second sensor, and the third sensor, the controller to
receive temperature and humidity measurements from
the sensors, calculate a volumetric flow rate of the out-
side air entering the system using the received tempera-
ture and humidity measurements of the supply air, the
return air, the outside air, and a flow rate of the supply air
to the serviced space, calculate an air change per hour
(ACH) rate in the serviced space using the calculated
volumetric flow rate of the air outside the serviced space
entering the system and the volume of the serviced
space, control the ACH rate in the serviced space.

8. The system of claim 7, wherein the system further com-
prises a heat exchanger portion to receive the return air,
change the temperature of the return air and output the supply
air.

9. The system of claim 7, wherein the system further com-
prises a heat exchanger portion to receive a portion of the
outside air and the return air, heat the portion of the outside air
and the return air and output the supply air.

10. The system of claim 7, wherein the system further
comprises a damper to meter the volumetric flow rate of the
air outside the serviced space entering the system.

11. The system of claim 10, wherein the controller is com-
municatively connected to the damper and is to control a
position of the damper.

12. The system of claim 7, wherein the calculating the
volumetric flow rate of the outside air entering the system
(CFM,) using the received temperature and humidity mea-
surements of the supply air, the return air, the outside air, and
the flow rate of the supply air to the serviced space comprises:

calculating a density of the supply air (d,), a density of the
return air (d,), and a density of the outside air (d,); and

calculating an absolute humidity of the supply air (W),
absolute humidity of the return air (W,), and absolute
humidity of the outside air (W,);

calculating a volumetric flow rate of the supply air (CFM,);
and

calculating the CFM_, wherein CFM_=CFM _*(d,*W -
d WO *W,).

13. The system of claim 12, wherein the CFM; is approxi-

mately equal to a volumetric flow rate of the return air
(CFM,).
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14. The system of claim 7, wherein the calculating the ACH
rate in the serviced space comprises calculating a product of
the CFM,, and 60 and dividing the product by a volume of'the
serviced space.

15. A method for calculating an air change per hour (ACH)
rate in a system, the method comprising:

receiving temperature and humidity measurements of sup-

ply air to a serviced space, return air from the serviced
space, outside air, wherein the outside air includes air
outside the serviced space, and a flow rate of the supply
air to the serviced space;

calculating a volumetric flow rate of the outside air enter-

ing the system using the received temperature and
humidity measurements of the supply air, the return air,
the outside air, and the flow rate of the supply air to the
serviced space;

calculating an ACH rate in the serviced space using the

calculated volumetric flow rate of the air outside the
serviced space entering the system and the volume of the
serviced space; and

outputting the calculated ACH rate.

16. A method for calculating an air change per hour (ACH)
rate in a system, the method comprising:

receiving temperature and humidity measurements of sup-

ply air to a serviced space, return air from the serviced
space, outside air, wherein the outside air includes air
outside the serviced space, and a flow rate of the supply
air to the serviced space;

calculating a volumetric flow rate of the outside air enter-

ing the system using the received temperature and
humidity measurements of the supply air, the return air,
the outside air, and the flow rate of the supply air to the
serviced space;

calculating an ACH rate in the serviced space using the

calculated volumetric flow rate of the air outside the
serviced space entering the system and the volume of the
serviced space; and

outputting the calculated ACH rate;

wherein the calculating the volumetric flow rate of the

outside air entering the system (CFM,) using the
received temperature and humidity measurements of the
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supply air, the return air, the outside air, and the flow rate

of the supply air to the serviced space comprises:
calculating a density of the supply air (d,), a density of the

return air (d,), and a density of the outside air (d,); and

calculating an absolute humidity of the supply air (W),

absolute humidity of the return air (W,), and absolute
humidity of the outside air (W,);

calculating a volumetric flow rate of the supply air (CFM,);

and

calculating the CFM,, wherein CFM_=CFM_*(d,*W -

dW)/(d,*W,).

17. The method of claim 16, wherein the CFM is approxi-
mately equal to a volumetric flow rate of the return air
(CFM,).

18. A method for calculating an air change per hour (ACH)
rate in a system, the method comprising:

receiving temperature and humidity measurements of sup-

ply air to a serviced space, return air from the serviced
space, outside air, wherein the outside air includes air
outside the serviced space, and a flow rate of the supply
air to the serviced space;

calculating a volumetric flow rate of the outside air enter-

ing the system using the received temperature and
humidity measurements of the supply air, the return air,
the outside air, and the flow rate of the supply air to the
serviced space;

calculating an ACH rate in the serviced space using the

calculated volumetric flow rate of the air outside the
serviced space entering the system and the volume ofthe
serviced space; and

outputting the calculated ACH rate;

wherein the calculating the ACH rate in the serviced space

comprises calculating a product of the CFM_, and 60 and
dividing the product by a volume of the serviced space.

19. The method of claim 15, wherein the outputting the
calculated ACH rate includes outputting the ACH rate to a
user on a display.

20. The method of claim 1, further comprising:

mixing the outside air with the return air.
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